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 本论文的主要思路是系统考察 PEMFC 单电池的寿命与性能，试图获得相
关的催化剂和膜的信息，因此特别设计并组装了单电池寿命测试装置，并利用
该装置对一系列相同的 MEA 分别进行了不同时间的单电池运行测试，并在运








 Raman结果表明运行后的阳极催化剂表面含有无定形的 RuO2， RuO2的产
生在一定程度上加速了催化剂的团聚，并导致阳极催化剂合金比（Ru原子的百
分含量）减小。此外，RuO2的形成及其稳定性与电池运行的温度和气氛有关。 
 DMTA 结果表明经运行的 Nafion112 膜产生了物理老化，其老化的活化能























    Proton Exchange Membrane Fuel Cells (PEMFC), so-called “clean energy”, has 
many advantages including high in power density, quick start operation, 
room-temperature working condition and solid-electrolyte. It has potential 
applications in automobile and portable electric power devices. Today, the major 
challenge faced in the commercialization of PEMFC is its high cost (uses of 
expensive catalysts of platinum group metals and Nafion membranes). In addition, 
the stable performance of the PEMFC in a long-term operation also directly 
influences its commercialization. 
 The main goal of this work was to systematically investigate the performance of 
PEMFC through lifetime tests of a single cell in an attempt to gather the related 
information about catalysts and membrane. We, therefore, designed and established 
a life-time test system and examined the performance of a group of reproducible 
MEAs in a single cell operation with this system. After each lifetime test, the 
catalyst layer in the MEA was characterized by XRD, SEM, TEM and RAMAN. 
The particle size and its distribution, morphology and chemical compositions were 
determined. The conductivity and glassified temperature of Nafion membrane in 
MEA were also studied by AC impedance and DMTA to relate the physical aging to 
the conductivity of Nafion. 
 Slight degradation in the cell performance was observed after a long-term 
operation. The analysis results of XRD, SEM and TEM showed that both the anode 
and cathode catalysts tend to agglomerate after the lifetime test, which results in the 
decreases in specific surface area and activity of catalysts. The agglomeration of 
catalyst particles is a key cause for the degradation of the cell performance. 
















characteristic Raman bands. The presence of RuO2 might accelerate the coalescence 
of the catalysts, leading to the decrease in the alloy ration of anode catalyst (Ru 
atomic content). It was also found that the formation and stability of RuO2 are 
related to the temperature and atmosphere of cell operation. 
 The results of DMTA revealed the physical aging of Nafion112 in MEA after 
the single cell operation. The value of aging activation energy (∆Heging) was 
evaluated to be 665.0 kJ/mol. AC impedance analysis showed a decrease in the 
conductivity of Nafion membrane after the cell operation at relatively dry condition, 
which is related to the physical aging of the Nafion membrane and the reduction of 
free volume. The physical aging of the Nafion membrane is another possible cause 
in the degradation of cell performance. 


































































1/2O2 ＋ 2H+ + 2e → H2O                          (1-2) 
电池的总化学反应为： 
H2 ＋ 1/2O2 → H2O                                (1-3) 
与此同时，电子在外电路连接下形成电流，通过适当连接可向负载输出电能。 
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作压力为 0.3∼ 0.5MPa 时，电池性能可达到 410mA⋅cm-2(0.7V)[5]。Siyu 等用
NaBH4化学技术把碳化的聚丙烯腈泡沫橡胶浸到 H2Pt + Cl2溶液中，把铂载量
降低到 0.013 mg⋅cm-2 [6]。PEMFC中单位面积 Pt催化剂载量虽然降低了，但利
用率从以前的 10%左右提高为 20%左右，但相对于 100%的催化剂利用率来讲，
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